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Description 

[0001] The invention concerns a clothes dryer with a 
PTC resistance heater for the drying air that is conduct- 
ed via a blower through the dryer drum. 5 
[0002] Such a clothes dryer is prior art in DE OS 25 
59 035 and DE 26 53 322 C2. Since the resistance value 
of the PTC resistor is small at low temperatures, very 
high start current arises in the cold-start phase. Addi- 
tional overload protection does not have to be used how- 
ever, since the resistance of the PTC resistor increases 
more-or-less exponentially as the temperature increas- 
es which automatically restricts the heating current and 
acts as overload protection. 

[0003] To reduce the high starting current in the cold 
phase, it has also been suggested that the PTC resistor 
be preheated with an auxiliary heater. However, this in- 
creases the complexity of the heating elements. In an- 
other variation, the heater consist of several PTC resis- 
tors that are arranged so that they can be switched from 
a series-connection at the beginning of the drying pro- 
gram to parallel or partially-parallel-connection by the 
program control depending on the time or temperature. 
This increases the complexity of the program control, 
however. 

[0004] The problem of the invention is to create a 
heater for a clothes dryer of the initially-cited type that 
independently reduces the starting current, automatical- 
ly adapts to the operating conditions, and protects from 
overheating. 

[0005] This problem is solved according to the inven- 
tion as follows: A line-side NTC heater namely on NTC 
heater on the L-phase-side of the applied AC-voltage, 
consisting of at least one NTC resistor is series-connect- 
ed to the PTC resistance heater, and at least one PTC 
resistor of the PTC resistance heater thermally contacts 
an NTC resistor of the line-side NTC heater. 
[0006] This cleverly exploits the different reactions to 
temperature of the PTC and NTC resistors. The high 
cold resistance of the NTC resistors limits the starting 
current during the cold-start in the series-connection to 
the PTC resistors. As the temperature increases, the re- 
sistance of the NTC resistors decreases, and the resist- 
ance of the PTC resistors increases until a target heat- 
ing current is attained in the heating phase. The overall 
resistance circuit of the NTC and PTC resistors auto- 
matically controls itself so that a controller is no longer 
necessary. As the temperature further increases, the re- 
sistance of the PTC resistors continues to increase and 
prevents the heater from overheating so that an inde- 
pendent safety circuit is not required for overload pro- 
tection. The entire resistance heater contacts the hot 
drying air so that the overall resistance automatically 
adapts to the predominant operating conditions, and the 
PTC and NTC resistors that are in thermal contact with 
each other assume the regulatory function. 
[0007] The overall heater contacts the drying air au- 
tomatically since it is located in an air channel through 



which the drying air flows. 

[0008] In the cold-start phase, the line-side NTC heat- 
er limits the starting current in the cold-start phase by 
its temperature-related resistance characteristic, while 
in the heating phase, the PTC resistance heater limits 
the heating current by its temperature- related resist- 
ance characteristic and protects against overheating. 
[0009] A simple electrical design of the overall heater 
is provided by joining the PTC resistors in the PTC re- 
sistance heater in a series-connection, parallel-connec- 
tion or mixed connection, and joining the NTC resistors 
in the line-side NTC heater in series-connection, paral- 
lel-connection, or a mixed connection to obtain the de- 
sired resistance characteristic for all phases of the dry- 
ing procedure. 

[001 0] The design is distinguished in that the PTC and 
NTC resistors are preferably designed as plates and 
electrically contact plate-shaped contact bodies and/or 
plate shaped cooling bodies with cooling ribs, and that 
the contact bodies and cooling bodies in the PTC resist- 
ance heater and line-side NTC heater contact the PTC 
resistors and NTC resistors corresponding to the overall 
heating system. 

[0011] The thermal contact between the PTC resist- 
ance heater and line-side NTC heater is provided as fol- 
lows: At least one PTC resistor electrically and thermally 
contacts a surface of at least one cooling body, and at 
least one NTC resistor electrically and thermally con- 
tacts the other surface. 

[001 2] The invention will be further explained with ref- 
erence to exemplary embodiments portrayed in the 
drawings. Shown are: 

Fig. 1 a schematic illustration of the drying circuit of 
a clothes dryer, 

Fig. 2 a first exemplary embodiment of an overall 
heater consisting of the NTC and PTC resis- 
tors that can be inserted in the air channel of 
the drying circuit, 

Fig. 3 the circuit diagram for the heating element 
from Fig. 2, 

Fig. 4 a second exemplary embodiment of the overall 
heater installed in the air channel consisting of 
NTC and PTC resistors, and 

Fig. 5 the circuit diagram for the heating element 
from Fig. 4. 

[0013] Fig. 1 schematically illustrates a closed drying 
air circuit of a clothes dryer. The clothes to be dried are 
put into the dryer drum 2 and then circulated by the ro- 
tating dryer drum 2. The dryer drum 2 rotates on an axis 
3. The front of the dryer drum 2 is connected to an air 
channel 7 with a blower 4 that sucks the drying air from 
the dryer drum 2 and pushes it through a subsequent 
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condenser 8. This cools and dehydrates the drying air. 
After passing through the condenser 8, the drying air 
passes through the air channel 9 and the following re- 
sistance heating element 1 into the air channel 5 and 
then returns into the opposing side of the dryer drum 2. 
Then the dehydrated and heated drying air again ab- 
sorbs evaporated moisture from the clothes 6 and is 
again fed through the drying air circuit. 
[001 4] As can be seen in Fig. 2, an overall resistance 
heater consisting of NTC and PTC resistors is installed 
at the transition from air channel 9 to air channel 5. This 
overall resistance heater 1 consists of a series-connect- 
ed line-side NTC heater VH, and a PTC resistance heat- 
er WH. In the line-side NTC heater VH, there are two 
NTC resistors NTC1 and NTC2 followed by two parallel- 
connected PTC resistors PTC1 and PTC2 or PTC3 and 
PTC4. 

[0015] The phase L of an AC voltage is applied to a 
plate-shaped metal contact body KK. The metal contact 
body KK is electrically and thermally connected to the 
two plate-shaped NTC resistors NTC1 and NTC2. The 
NTC resistors NTC1 and NTC2 are electrically and ther- 
mally connected via plate-shaped metal cooling bodies 
K1 provided with cooling ribs to two PTC resistors PTC1 
and PTC2, or PTC3 and PTC4. The two PTC resistors 
PTC1 and PTC2 or PTC3 and PTC4 are electrically par- 
allel-connected. The metal cooling bodies K2 are con- 
nected to the zero pole N of the AC voltage. The two 
metal cooling bodies K1 and K2 can also be connected 
to each other in an electrically conductive manner so 
thatthe two NTC resistors NTC1 and NTC2 are also par- 
allel-connected. Several parallel-connected NTC resis- 
tors that are electrically and thermally connected can al- 
so be between the metal contact bodies KK and the met- 
al cooling body/bodies K1 . More than two parallel-con- 
nected PTC resistors can also be between the metal 
cooling bodies K1 and K2. The resistance characteristic 
of the overall resistance circuit can hence be optimally 
adapted to conditions during a cold-start and heating, 
and the resistance characteristic can be adapted as de- 
sired by selecting the NTC and PTC resistors with their 
associated characteristics. 

[0016] As shown in the exemplary embodiment in Fig. 
4 and 5, the circuit diagram to the overall resistance 
heater 1 circuit consisting of the NTC and PTC resistors 
can be varied and used to attain the desired resistance 
characteristics. The overall resistance heater 1 is in- 
stalled in the air channel LK between sections 9 and 5. 
Phase L of the AC voltage is applied to a metal contact 
body KK. The single NTC resistor functions as a line- 
side NTC heater VH that has electrically an direct ther- 
mal contact with another metal contact body KK1 . 
[001 7] There are three parallel-connected PTC resis- 
tors PTC11, PTC 12 and PTC1 3 functioning as a PTC 
resistance heater WH between the metal contact body 
KK1 and a first metal cooling body K1 , while three par- 
allel-connected PTC resistors PTC21, PTC22 and 
PTC23 are between the metal cooling bodies K1 and 



K2, and they are parallel-connected to PTC resistors 
PTC31 , PTC32 and PTC33. Finally, there are four par- 
allel-connected PTC resistors PTC31, PTC32, PTC33 
and PTC34 between metal contact bodies K2 and Kn. 

s The zero pole N of the alternating voltage is applied to 
metal cooling body Kn that can also be merely a metal 
contact body. The number of NTC and PTC resistors in 
the branches VH and WH of the series-connection of 
the circuit diagram in Fig. 5 can be larger or smaller to 

w create the desired overall resistance characteristic for 
the overall resistance heater 1 . 
[001 8] The NTC and PTC resistors are mutually heat- 
ed via their thermal connection. 
[0019] The geometric arrangement of the heater in 

15 Fig. 4 reduces the voltage difference between the metal 
contact bodies KK and KK1 as well as metal cooling 
bodies K1 , K2, Kn and the surrounding air channel LK 
as can be seen from the circuit diagram in Fig. 5 in which 
the connecting points of resistors are provided with cor- 

20 responding references. 



Claims 

25 1. A clothes dryer with a PTC resistance heater (WH) 
for the drying air conducted through the dryer drum 
(2) by means of a blower (4), 
characterised in that 

a line-side NTC heater (VH), namely an NTC heater 
30 (VH) on the L-phase-side of the applied AC-voltage, 
consisting of at least one NTC resistor (NTC1, 
NTC2, NTC) is series -connected to the PTC resist- 
ance heater (WH), and that at least one PTC resis- 
tor of the PTC resistance heater (WH) thermally 
35 contacts an NTC resistor of the line-side NTC heat- 
er (VH). 

2. A clothes dryer according to claim 1 , 
characterised in that 

40 the overall heater (1), consisting of said NTC and 
PTC resistors, is in an air channel (9,5) through 
which drying air flows. 

3. A clothes dryer according to claim 1 or 2, 
45 characterised In that 

the line-side NTC heater (VH) limits the starting cur- 
rent in the cold-start phase by means of its temper- 
ature-related resistance characteristic. 

so 4. A clothes dryer according to one of claims 1 - 3, 
characterised In that 

the PTC resistance heater (WH) limits the heating 
current and protects against overload by means of 
its temperature-related resistance characteristic. 

55 

5. A clothes dryer according to one of claims 1 - 4, 
characterised that the 

PTC resistors (PTC1 - PTC4; PTC11, PTC12, 
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PTC21, PTC22; PTC32) in the PTC resistance 
heater (WH) are series-connected, parallel-con- 
nected or a mixture thereof, and that the NTC resis- 
tors (NTC1 , NTC2, NTC) in the line-side NTC heat- 
er (VH) are series-connected, parallel-connected or 
a mixture thereof. 

6. A clothes dryer according to one of claims 1 - 5, 
characterised In that 

the PTC and NTC resistors are in the form of plates 
and electrically contact each other preferably by 
means of plate contact bodies (KK) and/or plate 
cooling bodies (K1, K2, Kn) provided with cooling 
ribs, and said contact bodies and cooling ribs in the 
PTC resistance heater (WH) and line-side NTC 
heater (VH) connect the PTC resistors and NTC re- 
sistors according to the overall heater (1). 

7. A clothes dryer according to claim 6, 
characterised in that 

at least one cooling body (K1 ) electrically and ther- 
mally contacts a surface with at least one PTC re- 
sistor and another surface with at least one NTC 
resistor. 



PatentansprUche 

1. Waschetrockner mit einer PTC-Widerstands-Heiz- 
vorrichtung (WH) fur die mittels eines Geblases (4) 
durch die Trocknertrommel (2) geblasene Trock- 
nungsluft, 

dadurch gekennzeichnet, 
dass eine aus mindestens einem NTC-Widerstand 
(NTC, , NTC 2 , NTC) bestehende, leitungsseitige 
NTC-Heizvorrichtung, namlich eine NTC-Heizvor- 
richtung(VH) auf derL-Phasenseitederangelegten 
Wechselspannung, mit der PTC-Widerstands- 
Heizvorrichtung (WH) in Reihe geschaltet ist und 
mindestens ein PTC-Widerstand der PTC-Wider- 
stands-Heizvorrichtung(WH)miteinem NTC-Wider- 
stand der leitungsseitigen NTC-Heizvorrichtung 
(VH) thermisch in Verbindung steht. 

2. Waschetrockner nach Anspruch 1 , 
dadurch gekennzeichnet, 

dass die aus den genannten NTC- und PTC-Wider- 
standen bestehende Gesamtheizvorrichtung (1) in 
einem Luftkanal (9, 5) angeordnet ist, durch den die 
Trocknungsluft stromt. 

3. Waschetrockner nach Anspruch 1 oder 2, 
dadurch gekennzeichnet, 

dass die leitungsseitige NTC-Heizvorrichtung (VH) 
den Einschaltstrom in der Kaltstartphase mittels ih- 
rer temperaturbezogenen Widerstandscharakteri- 
stik begrenzt. 



6 

4. Waschetrockner nach einem derAnspruche 1 bis 3, 
dadurch gekennzeichnet, 

dass die PTC-Widerstands-Heizvorrichtung (WH) 
den Heizstrom begrenzt und mittels ihrer tempera- 
5 turbezogenen Widerstandscharakteristik gegen 
Uberlast schutzt. 

5. Waschetrockner nach einem der Anspruche 1 bis 4, 
dadurch gekennzeichnet, 

10 dass die PCT-Widerstande (PTC r PTC 4 ; PTC^, 
PTC 12 , PTC 21> PTC22; PTC 32 ) in der PTC-Wider- 
stands-Heizvorrichtung (WH) in einer Reihen-, Par- 
allel- oder daraus gemischten Schaltung angeord- 
net sind und dass die NTC-Widerstande (NTC^ 
NTC 2 , NTC) in der leitungsseitigen NTC-Heizvor- 
richtung (VH) in einer Reihen-, Parallel- oder dar- 
aus gemischten Schaltung angeordnet sind. 

6. Waschetrockner nach einem derAnspruche 1 bis 5, 
dadurch gekennzeichnet, 
dass die PTC- und NTC-Widerstande die Form von 
Platten aufweisen und miteinander vorzugsweise 
mittels Plattenkontaktkorpern (KK) und/oder Plat- 
tenkuhlkorpern (K t , K 2 , K n ) in Kontakt stehen, die 
mit Kuhlrippen versehen sind, und dass die ge- 
nannten Kontaktkorper und Kuhlrippen in der 
PTC-Widerstands-Heizvorrichtung (WH) und der 
leitungsseitigen NTC-Heizvorrichtung (VH) die 
PTC- und NTC-Widerstande gemaB der Gesamt- 
heizvorrichtung (1) verbinden. 

7. Waschetrockner nach Anspruch 6, 
dadurch gekennzeichnet, 
dass mindestens ein Kuhlkorper (K^ mit einer 
Oberflache mindestens einen PTC-Widerstand 
kontaktiert und mit einer anderen Oberflache min- 
destens einen NTC-Widerstand kontaktiert. 



Revendications 

1. Seche-linge comportant un dispositif de chauffage 
(VH) a resistances PTC, pour s6cher I'air entrame 
a travers le tambour (2) du seche-linge au moyen 
d'un ventilateur (4), 

caracterise en ce que 

un dispositif de chauffage NTC (VH) cote ligne, a 
savoir un dispositif de chauffage NTC (VH) situ6sur 
le c6te de la phase L de la tension alternative ap- 
pliquee, constitue par au moins une resistance NTC 
(NTC1 , NTC2, NTC) branchee en serie avec le dis- 
positif (WH) a resistances PTC, et qu'au moins une 
resistance PCT du dispositif de chauffage (WH) a 
resistances PTC est en contact thermique avec une 
resistance NTC du dispositif de chauffage (NTCVH) 
cdte ligne. 

2. Seche-linge selon la revendication 1 , 
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caracterlse en ce que 

I'ensemble du dispositif de chauffage (1) constitue 
par lesdites resistances NTC et PTC est situe dans 
un canal (9, 5) de circulation d'air, dans lequel cir- 
cule Pair de sechage. s 



3. Seche-linge selon la revendication 1 ou 2, 
caracterlse en ce que 

le dispositif de chauffage NTC (VM) cdte ligne limite 
le courant de demarrage dans la phase de demar- 10 
rage a froid au moyen de sa caracteristique de re- 
sistance associee a la temperature. 



4. Seche-linge selon Tune des revendications 1 a 3, 
caracterlse en ce que 15 
le dispositif de chauffage (WH) a resistances PTC 
limite le courant de chauffage et fournit une protec- 
tion vis-a-vis d'une surcharge au moyen de sa ca- 
racteristique de resistance associee a la tempera- 
ture. 20 



5. Seche-linge selon Tune quelconque des revendica- 
tions 1 a 4, caracterise en ce que 
les resistances PTC (PTC1 -PTC4; PTC1 1 , PTC12, 
PTC21 , PTC22; PTC32) dans le dispositif de chauf- 25 
fage (WH) a resistances PTC sont b ranch 6es en 
serie, sont branchees en parallele ou sont bran- 
chees selon un branchement mixte, et que les re- 
sistances NTC (NTC1 , NTC2, NTC) dans le dispo- 
sitif de chauffage NTC (VH) cote ligne sont bran- so 
chees en serie, branchees en parallele ou bran- 
chees selon un branchement mixte. 



6. Seche-linge selon Tune des revendications 1 a 5, 
caracterise en ce que 35 
les resistances PTC et NTC se presentent sous la 
forme de plaques et sont en contact eiectrique mu- 
tuel de preference au moyen de corps de contact 

en forme de plaques (KK) et/ou de corps de refroi- 
dissement en forme de plaques (K1 , K2, Kn) com- *o 
portant des ailettes de ref roidissement, et les corps 
de contact et les ailettes de refroidissement dans le 
dispositif de chauffage (WH) a resistances PTC et 
dans le dispositif de chauffage NTC (VH) cote ligne 
connectent les resistances PTC et les resistances *s 
NTC conformement a I'ensemble du dispositif de 
chauffage (1), 

7. Seche-linge selon la revendication 6, 

caracterise en ce que so 
au moins un corps de refroidissement (K1 ) contacte 
eiectriquement et thermiquement une surface avec 
au moins une resistance PTC et une autre surface 
avec au moins une resistance NTC. 
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